A 24-year-old female with a history of ulcerative colitis underwent colectomy. The patient received an ineffective transversus abdominis plane (TAP) block with liposome bupivacaine (Exparel) intraoperatively and was started on a hydromorphone patient-controlled analgesia 5 hours after the TAP block, which did not relieve her pain. A continuous thoracic epidural (CTE) was then placed after blood levels of bupivacaine were drawn, and the patient immediately experienced significant pain relief. The combined use of liposome bupivacaine and bupivacaine CTE infusion in the postoperative management of this patient demonstrated no safety concerns, provided excellent analgesia and plasma concentrations of bupivacaine remained far below toxic levels. Keywords: liposome bupivacaine (bupivacaine liposome injectable suspension), plasma bupivacaine levels, transversus abdominis plane (TAP) nerve block, thoracic epidural
Background
Annually, in the US, there are approximately 45 million surgeries performed on inpatients 1 and an additional 55 million surgical and nonsurgical procedures performed in the ambulatory setting. 2 Inadequate postsurgical pain control can lead to an increased incidence of surgeryrelated complications such as infection, poor wound healing, or increased risk of deep vein thrombosis due to delays in ambulation and mobility. This all leads to an increase in costs and resources due to longer hospital stays and more frequent readmissions. 3, 4 A balanced approach to postsurgical pain management often seeks to improve analgesia effectiveness while minimizing opioid use and the possibility for opioid-related adverse events. 4 As part of a multimodal pain control plan, local anesthetics continue to be used frequently and safely in the perioperative period. Their duration of action is relatively short, and adjuncts such as epinephrine, clonidine, or dexamethasone are often used to extend the analgesic benefits, normally with the goal of minimizing opioid consumption. Liposome bupivacaine is a relatively new treatment option for the management of postoperative pain that can potentially extend the duration of action of a single injection to 96 hours. 5 With liposome bupivacaine, the bupivacaine is encapsulated by a lipid membrane made up of polyhedral particles composed of numerous internal aqueous chambers known as DepoFoam (Figure 1 ). 5 The bupivacaine is unaltered and is released over a period of time due to erosion and/or reorganization of the lipid membranes.
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Terrien et al Liposome bupivacaine was approved by the US Food and Drug Administration (FDA) in October 2011 for single-dose administration into surgical sites. Liposome bupivacaine has shown superiority in postoperative pain management following various surgical procedures (eg, inguinal hernia repair) by not only reducing cumulative pain scores at 72 hours but also by reducing the use of opioids, as well as secondary complications. 7, 8, 9 The FDA package insert for liposome bupivacaine specifically warns against the use of additional bupivacaine and other amide-type local anesthetics for 96 hours after the use of liposome bupivacaine because of potentially additive toxic effects 5 such as local anesthetic toxicity. While the use of liposome bupivacaine in both peripheral nerve blocks and in the surgical wound is a growing area of interest, there is little research to date on the combined use of liposome bupivacaine and local anesthetics for pain control and its safety or efficacy.
Transversus abdominis plane (TAP) blocks are one option for the administration of local anesthetics in postoperative pain management. Evidence-based data regarding the pharmacokinetic profile of liposome bupivacaine infiltrated into the TAP are lacking. Although there are no studies to date looking specifically at TAP blocks, previous studies evaluating liposome bupivacaine for other types of peripheral never blocks have measured plasma concentration at 12-24 hours or at approximately 36 hours postoperatively. 10, 11 In this report, we describe the safety and effectiveness of a thoracic epidural placed 12 hours following the TAP administration of liposome bupivacaine in a patient after an open colectomy.
Case report
A 24-year-old female with a history of ulcerative colitis, gastritis, hemorrhoids, and gastroesophageal reflux disease was admitted for an ulcerative colitis flare and subsequently underwent colectomy. The patient's surgical history consisted of tonsillectomy and adenoidectomy 12 years earlier, as well as multiple esophagogastroduodenoscopies and colonoscopies over the past 4 years. Patient medications prior to surgery included mesalamine, and infliximab for management of her ulcerative colitis.
The patient underwent laparoscopic colectomy, which was converted to an open colectomy. During the intraoperative period, the patient received acetaminophen 1,000 mg IV, fentanyl 350 mg IV, hydromorphone 2 mg IV, and lidocaine 50 mg IV (>7 hours prior to administration of liposome bupivacaine) as part of a multimodal pain management plan. Upon completion of the procedure and closure of the midline abdominal incision, the anesthesia team placed bilateral subcostal TAP blocks with a total of 266 mg of liposome bupivacaine using ultrasound guidance. Overnight, the patient endorsed 10/10 pain, and ~5 hours after liposome bupivacaine infiltration, a hydromorphone patient-controlled analgesia (PCA) pump was started. The patient received an initial bolus of 0.8 mg hydromorphone in addition to acetaminophen 1,000 mg IV. The patient endorsed 9/10 pain throughout the remainder of the night, receiving only minimal pain relief with the PCA.
On postoperative day (POD) 1, the surgeon requested that the regional anesthesia team consider placing a thoracic epidural because the patient continued to have inadequate pain control and was unable to ambulate or sit on a chair. Prior to epidural placement, a total plasma bupivacaine concentration was drawn and sent to an outside testing facility. The result was not immediately available; however, 3 days later it was reported at <0.2 μg/mL, falling at the low end of the laboratory reference range of 0.1-4.0 μg/mL. A continuous thoracic epidural (CTE) was placed at the level of T7-T8, 12.5 hours after the TAP block was administered. The CTE was tested and then infused with 8 mL of 2% lidocaine bolus, resulting in a significant reduction in her pain score.
One hour after successful CTE placement, an epidural infusion of bupivacaine 0.1% with hydromorphone 10 μg/mL was started at 6 mL/h. Patient-controlled epidural anesthesia bolus was not permitted due to concern for potential local anesthetic systemic toxicity if escalating doses of local anesthetics were used. Three hours later, the epidural infusion was no longer providing adequate analgesia. Following discussion of safety concerns with the pharmacist, an additional 5 mL bolus of bupivacaine 0.1% with hydromorphone 10 μg/mL was administered with good relief (the patient reported a reduction of pain from 8/10 to 3/10).
On POD 2, 34 hours after the TAP block was placed and 20.5 hours after the start of the bupivacaine/hydromorphone epidural infusion, the patient's plasma bupivacaine concentration was 0.7 μg/mL. The patient's pain remained 
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Ineffective transversus abdominis plane block using liposome bupivacaine controlled overnight. The next morning, she was able to get out of bed and sit on a chair and expressed a desire to begin walking. The patient has provided informed consent for the publication of this case report.
Discussion
Liposome bupivacaine's prescribing information warns that the use of liposome bupivacaine followed by other bupivacaine formulations has not been studied in clinical trials and these other bupivacaine formulations should be withheld for 96 hours. 5 The concern is the significant systemic plasma concentrations of bupivacaine, which can persist for 96 hours (Figure 2 ).
Elevated levels of bupivacaine can lead to bupivacaine toxicity and if levels are high enough, there is a greater incidence of cardiotoxicity compared to other local anesthetics. 12 Lightheadedness, dizziness, tinnitus, vision problems, and drowsiness may be the initial central nervous system manifestations. Physical signs and symptoms often present as shivering, tremors, or twitching and can even lead to generalized tonic-clonic convulsions. If levels are high enough in the central nervous system, hypoventilation and apnea may occur. Since it is lipid soluble with a very high degree of protein binding, it has a long duration of action. It also avidly binds to cardiac sodium channels and does not release from its binding site quickly like other local anesthetics, which then can create dysrhythmias at lower concentrations than less potent local anesthetics. Treatment for potential cardiovascular collapse focuses on the administration of intralipid solution to first remove the bupivacaine from the binding sites so that advanced cardiac life support can then be effective. 12 Some studies 7, 13 have examined the systemic plasma levels of liposome bupivacaine during isolated use, but no studies were found where local anesthetic levels were measured when using both liposome bupivacaine and amide local anesthetic. In a study looking at postsurgical pain in total knee arthroplasty, liposome bupivacaine was compared to bupivacaine hydrochloride (HCl). The maximum observed plasma concentration of liposome bupivacaine 266 mg, measured at 24 hours, was 0.340 μg/mL. 13 Jorfeldt et al concluded that plasma concentrations of bupivacaine of 4 μg/mL or greater have been associated with systemic toxicity.
14 In another study using Rhesus monkeys, after a continuous IV infusion, the seizure threshold was determined to be a plasma bupivacaine concentration of 4.5 μg/mL (±1.7). 15 The maximum plasma concentration of bupivacaine measured after a 21-hour epidural infusion study on 21 healthy volunteers of a 0.25% solution was 0.90 μg/mL (Figure 3 ). 16 Again, in our case report, 0.1% bupivacaine was used for the epidural infusion, much lower than the concentration studied by Emanuelsson et al, but ours was also continued until POD 4.
Based on the studies described earlier, the sum of the maximum plasma concentrations of liposome bupivacaine 266 mg and an epidural infusion of bupivacaine should be far less than the threshold for systemic toxicity. 
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Terrien et al A similar case of liposome bupivacaine use in conjunction with an amide local anesthetic was conducted in our institution a year prior to this case report where we documented safe, simultaneous use of liposome bupivacaine in the surgical wound along with an epidural infusion of bupivacaine. 17 It was hoped that using both an epidural and infiltrating the surgical wound would provide a multimodal, balanced, and adequate means of minimizing the use of opioids and their potential adverse events. A thorough literature review revealed no cases where liposome bupivacaine and an epidural were used simultaneously. In that case, postoperative pain scores never exceeded 2/10. There were never concerns for local anesthetic systemic toxicity, there was minimal use of postoperative IV narcotics, and there were no other adverse events or complications with the pain regimen.
The patient was discharged from the intensive care unit POD 2, was eating a regular diet, and started physical therapy all within days of her procedure. Her pain remained well controlled while on the ward and the epidural was discontinued on POD 4. Although plasma concentrations of bupivacaine were not drawn, it was postulated that they would remain far below the threshold for toxicity, based on the studies described earlier. 13, 16 In this case report, the patient received a TAP block with liposome bupivacaine that did not provide adequate pain relief and was then started on a hydromorphone PCA, which also barely alleviated her pain. A large portion of the pain that patients experience after abdominal surgery is derived from the abdominal wall incision. A TAP block, if performed properly, should provide relief from this incisional pain. Since this patient had underlying chronic inflammatory bowel disease, it is difficult to know whether the persistent pain was due to an ineffective TAP block or due to her underlying, preexisting disease process. Since the patient's pain continued, the surgeon requested a CTE. Providers often feel "handcuffed" or that a "bridge is burned" once liposome bupivacaine is used because of the FDA warning and are not comfortable utilizing local anesthetics in a nerve block to alleviate pain, as there is little to no data regarding this practice. With full understanding of the FDA package insert for liposome bupivacaine specifically warning against the use of additional bupivacaine and other amide-type local anesthetics for 96 hours after the use of liposome bupivacaine, we cautiously decided to proceed with a CTE. We reexamined the research presented earlier and reviewed newer studies. We discussed the plan with the patient, the surgeon, and the pharmacy; and with the experience of last year's case report in our institution, we felt confident we could safely administer a CTE to assist with the significant pain the patient was experiencing.
In addition to pain control, the CTE would also assist in reducing the risk of venous thromboembolism by preventing prolonged immobilization. Inflammatory bowel disease patients have a two-to threefold increased risk of developing deep vein thrombosis and pulmonary embolism compared with the general population, which represents a significant cause of morbidity and mortality. 18 She was already receiving 
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Ineffective transversus abdominis plane block using liposome bupivacaine a daily prophylactic dose of low-molecular-weight heparin and in accordance with the American Society of Regional Anesthesia guidelines, we ensured that 12 hours had passed since her last dose of low-molecular-weight heparin before finally placing the CTE. 19 In this specific case report, postoperatively, our patient received a total of 128 mg of bupivacaine through her CTE over a course of 20.5 hours between the start of the infusion and the blood draw for the second plasma level. The plasma concentrations were not available at the time of CTE administration because the labs were outsourced for processing, and results were unavailable for approximately 3 days. Plasma concentrations were acquired to verify the safety profile with escalating doses of bupivacaine following liposome bupivacaine administration. The FDA package insert allows for use of liposome bupivacaine following bupivacaine HCl if the dose in milligram of the bupivacaine HCl remains <50% of the dose of liposome bupivacaine given. However, the use of other bupivacaine formulations following liposome bupivacaine administration has not been studied. 5 As shown in Figure 4 , neurotoxic and cardiotoxic plasma levels of bupivacaine begin at 2.0 μg/mL and 4.0 μg/mL, respectively. 7, 11, 20 The plasma levels of bupivacaine in this patient remained well below the threshold for potential toxicity, both pre-and post-epidural administration as hypothesized, 0.2 μg/mL and 0.7 μg/mL, respectively. Additionally, no toxic effects were observed during the postoperative period.
Our measurements may even be an overestimation of the patient's actual bupivacaine concentrations. The majority (ie, >90%) of bupivacaine in the plasma is bound to AGP, an acute phase reactant, which is upregulated postoperatively. 20 Presuming that the concentration of unbound ( pharmacologically active) bupivacaine is responsible for systemic toxic effects, the influence of protein binding should be taken into account. With more AGP, there should be more protein binding of bupivacaine, leading to a reduction in pharmacologically active bupivacaine, and we should therefore be further away from toxic bupivacaine levels. In this case report, total bupivacaine concentrations were collected (ie, protein-bound and free pharmacologically active bupivacaine).
Conclusion
The combined use of liposome bupivacaine and a bupivacaine CTE infusion in the postoperative management of this patient demonstrated no safety concerns, provided excellent analgesia and plasma concentrations of bupivacaine remained far below toxic levels. Further studies need to be conducted in order to determine the margin of safety when using liposome bupivacaine with other bupivacaine formulations and delivery methods. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.
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